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The problem of detecting lines components in a digital image is one of the most fun-
damental problems in pattern recognition and robot vision. Hough transform which is
based on voting in the dual plane is widely used for this purpose. However, there have
been few theoretical studies on the relationship between its computational complexity
and ability of detecting straight lines. In this paper we present an algorithm for detecting
every maximal line component contained in a digital image. This algorithm is designed
to run efficiently based on Number Theory. It can complete the required task in least














$G=\{(x_{i}, y_{i})|x_{i}=0,1, \ldots, N-1, y_{i}=0,1, \ldots, N-1\}$
$(x_{i}, y_{*}\cdot),$ $0\leq x_{*}\cdot<N,$ $0\leq y_{i}<N$ ( ) (
) $g(x_{i}, y_{i})=1$ $g(x_{i}, y_{i})=0$
$g(x, y)=1$ ( )
$(x_{i}, y_{i})$ $u$ $v$ 1
$v$
$v=x_{i}\cos u+y_{i}\sin u$ . (1)
$(x_{i}, y_{i})$ $v=x_{i}\cos u+y_{i}\sin u$ $(x_{j}, yj)$ $v=x_{j}\cos u+$
$yj\sin u$ 1 $(u’, v’)$ 2
$x\cos u’+y\sin u’=v’$ . (2)
$m$ $(u’, v’)$ $m$ (2)
Hough
2 $v=x_{i}\cos u+y_{i}\sin u$
[ 1: Hough ]
3:
(1) bit $g[N][N];/*$ $*/$




(1) $(u_{1}, u_{2}, \ldots, u_{M}):/*$ $*/$




for $x=0$ to $N-1$
for $y=0$ to $N-1$
if (X, y) then
for $i=1$ to $M$
$v=x\cos u_{i}+y\sin u_{i}$ ;
count $[i][q[u_{i}, v]]$ 1 ;
$count[u_{i}][v_{j}]\geq t$ $(u_{i}, v_{j})$
$x\cos u_{i}+y\sin u_{i}=v_{j}$ ;
1 (1)
$(u_{1}, u_{2}, \ldots, u_{M})$ (2) $v$ $q(u, v)$ (3)
$t$
$v$ $q(u, v)$ (4)
$\delta(u)=\max\{|\sin u|, |\cos u|\}$ (3)
\delta (u) $v$












(1) bit $g[N][N];/*$ $*/$
(2) struct $point$ { int $x,$ $y;$ } $p[n];/*$ $*/$
(3) double $v[n];/*v$ $*/$
(4) int $\sigma[n];/*$ $*/$
$/*n$ $*/$
:
(1) $(u_{1}, u_{2}, \ldots, u_{M}):/*$ . $*/$
(2) $t$ .
(3) $v$ \epsilon .
:
$g[x][y]=1$ $(x, y)$ $p[.]$ ;
\mbox{\boldmath $\sigma$} $[]$ ;
for $i=1$ to $n\sigma[i]=i$ ;
for $i=1$ to $M$
for $j=1$ to $n$












$G=\{(x, y)|x=0,1, \ldots, N-1, y=0,1, \ldots, N-1\}$
$x$ $x$ $V_{x\text{ }}y$ y|
[ 1] $P$ $x$
$x_{\max},$ $x_{\min}$ $x=x_{\min}.,$ $\ldots,$ $x_{\max}$ $P\cap V_{\lambda}$. $\neq$ \phi
$P$ $y=y_{znin},$ $\ldots,$ $y_{\max}$
$P$ \neq \phi $P$ $y_{\min},$ $y_{\max}$. $P$
$y$
3
[ 2] $y=ax+b$ ( $a,$ $b$ ) $G(a, b)$
$G(a, b)=$
$\{\{(x_{i},y)\in G\{(x_{i}, y_{i}^{i})\in G||_{x^{i_{i}}-\frac{1}{a}(y_{i}-b)|\leq 0.5\}}^{y-ax_{i}-b|\leq 0.5\}}$ $|a|>1-1\leq a\leq 1$
[ 1] $P$
$\max_{\langle x_{i},y;)\in P}(y_{i}-a*x_{i})-\min_{(x_{j},y_{j})\in P}(yj-a*x_{j})\leq 1$
$P$ $y=ax+b$ $G(a, b)$
$b=[ \max_{(x_{i},y;)\in P}(y_{i}-a*x_{i})+\min_{(x_{j},y_{J})\in P}(yj-a*x_{j})]/2$
[ 2] $P$
$\max_{(x;,y;)\in P}(x_{i}-y_{i}/a)-\min_{(x_{j},y_{j})\in P}(x_{j}-yj/a)\leq 1$
$P$ $y=ax+b$ $G(a, b)$
$b=-a*[ \max_{(x_{i},y;)\in P}(x_{i}-y_{i}/a),+\min_{\{\lambda_{j,y_{j})\in P}}.(x_{j}-y_{j}/a)]/2$
6[ 3] $P$ (1) (2) $u$
$P$ $u$
$P$
(1) $\max_{(x_{i},y_{i})\in P}(y_{i}-u*x_{i})-\min_{\langle x_{j},y_{j})\in P}(y_{j}-u*x_{j})\leq 1,$ $|u|\leq 1$ .
(2) $\max_{\langle x_{i},y;)\in P}(x_{i}-y_{i}/u)-\min_{\langle x_{j},y_{j})\in P}(x_{j}-y_{j}/u)\leq 1,$ $|u|>1$ .









(duality transform) $(a, b)$
$y=ax+b$ $y=cx+d$ $(-c, d)$ $(a_{1}, b_{1})$





$(v=x_{i}\cos u+y_{i}\sin u)$ Hough $u$ }




Hough Hough $a$ b-
$y=ax+b$ $(a, b)$
(1),(3) Hough
Hough $(x_{i}, y_{i})$ $u$
$v$ $(x_{i}, y_{i})$ $u$ $y=ux$
$v=y_{i}-u\cdot x_{i}$ (5)








(1) bit $g[N][N];/*$ $*/$
(2) struct $point${ int $x,$ $y;$ } $p[n];/*$ $*/$
(3) double $v[n];/*v$ $*/$
(4) int $\sigma[n];/*$ $*/$
$/*n$ $*/$
:




\mbox{\boldmath $\sigma$} $[]$ ;
for $i=1$ to $n$
$\sigma[i]=i$ ;
for $i=1$ to $M$












$v$ 1 $[a-1, a]$
-
$[a-1, a]$ $v$ $B^{f}a$
$v$ $B^{f}a+1$ \mbox{\boldmath $\sigma$}[i]
$(v[\sigma[i]], \sigma[i], ins’)$ $(v[\sigma[i]]+1, \sigma[i], del’)$
”ins” $P$ $del$’
$P$ 1
”ins” ”dep? $v$ $ins$’
$t$ $t$
3
[ 4] 3 $M=\Omega(N^{2})$
: 4 $A(O, 0),$ $B(O, 1),$ $C(b, a),$ $D(b, a+1)$
$y=(a/b)x+0.5$
$a/b$ $a/b,$ $a=0,1,$ $\ldots,$ $N-1,$ $b=$
$1,2,$
$\ldots,$ $N-1,$ $a\leq b$ \Omega (N2)
$N-1$ 1 $u_{1},$ $u_{2},$ $\ldots$ ,
$u_{M}$ $u_{0}=0$ $u_{0},$ $u_{1},$ $\ldots,$ $u_{M}$ 3
1
[ 5] $(u_{0}, u_{1}, \ldots, n_{M})$
3
[ 1] $N\cross N$ 2 $\Theta(N^{2})$
: (5) $N$ $M/N^{2}arrow 6/\pi^{2}$ $\square$
[ 2] $N\cross N$ 2
9$b/a$ $b’/a’$ ( ) $ab’-db=1$
$I/(N-I)(N-2)$ $1/(N-1)$
: $N-1$ 1 Farey
$\Theta(N^{2})$ 0/1, 1/1
0/1, 1/2, 1/1, 0/1, 1/3, 1/2, 2/3, $1/1$ $0/1,1/4,1/3,1/2,2/3,3/4$,





0/1, $1/(N-1)$ $(N-2)/(N-1),$ $1/1$
$N$ Farey $\Theta(N^{2})$
(C )
generate(l, 2, $0,1,1,1$ );
generate(y, $x$ , dly, dlx, dry, drx)
int $y,$ $x$ , dly, dlx, dry, drx;
$\{$
if ($y+dly<N$ &&x $+dlx<N$ )
generate ( $y+dly,$ $x+dlx$ , dly, dlx, $y$ , x);
printf ( $/.d//.d$“, $y$ , x);
if ($y+dry<N$ &&x $+drx<N$ )
generate ($y+dry,$ $x+drx,$ $y,$ $x$ , dry, drx);
$\}$







[ 3] $P$ $u=B/A,$ $1\leq A<N,$ $0\leq B<N$
$u$ $v$ $P\subseteq G(u, v)$
10






[ 2] $N\cross N$ $\Theta(N^{4})$
: $0$ 1 $P$
6
1 1 $x$ 2
$x$ 2 $x_{1},$ $x_{2}$
$x$ $P$ 2 $(X_{1,y_{1}}),$ $(X_{1,y_{1}+1)}, (x_{2,y_{2}}),$ $(X_{2,y_{2}+1)}$
2 $(X_{1,y_{1})}, (X_{2,y_{2}})$ 2 ($X_{1,y_{1}+1)},$ ( $X_{2,y_{2}+1)}$
P
$P$ 2 $(x_{1}, y_{1}),$ $(x_{2}, y_{2})$ 2
? $(x_{1}, y_{1})$ 1
1 $(x_{2}, y_{2})$ $a=x_{2}-x_{1},$ $b=y_{2}-y_{1}$
$y_{1}<b$ $x_{1}\leq N-a$ $b\leq y_{1}\leq N-b$
$x_{1}<a$ $(x_{1}, y_{1})$ 1







$x1,$ $x2,$ $y1,$ $y2$
2 $(x1, y1),$ $(x2, y2)$
Farey $b/a$
$(a+b)N-2ab$ $(a+b)N-3ab$





(1) $N$ : ( $N^{2}$ )
(2) $n$ : \acute /
(3) $M$ :
Hough 1
$(x_{*}\cdot, y:)$ $v=x_{i}\cos u+y_{i}\sin u$
$u$ $u_{1},$ $u_{2},$ $\ldots,$ $u_{M}$
$v$ $v$
$q(u, v)$
$q(u, v)=\lfloor v/\delta(u)\rfloor$ , $\delta(u)=\max\{|\sin u|, |\cos u|\}$










$O(n\log n)$ $O(nM\log n)$
$u_{i}$ $u_{i}$ $u_{i+1}$
$u_{i}$ \mbox{\boldmath $\sigma$} $[]$
$u_{i+1}$ \mbox{\boldmath $\sigma$} $[]$







$O( \min(NM+n^{2}, nM\log n))$







$N\cross N$ $n$ $P$ $P$
13
$t$ $O(nM+kN)$
$O(kN)$ $S$ $N\cross N$
( $0$ 1 )
$M=|S|$ $S$ $i$ $u_{i}$ $u_{0}=0$
$n$ \mbox{\boldmath $\sigma$}[n] $\sigma[n]$ $j$









Case 1: $p_{\sigma[j],p_{\sigma[j+1]}}$ $y=u_{i^{X}}$
$p_{\sigma[j]}$ $x$ $p_{\sigma[j+1]}$ $d_{\sigma[j]}<d_{\sigma[j]}$
Case 2: $p_{\sigma[j]}$ $y=u_{i}x$ r $p_{\sigma[j+1]}$ $y=u_{i}x$










(3) $u_{i}$ 1 $t$
$u_{i}1^{-}$. \mbox{\boldmath $\sigma$}[n] $\sigma[1]$
$O(n+k_{i}N)$ $u_{i}$
(4) $O$ ($nM+$ $N$ )
[ 9] 3 $O$ ( $nM+$ $N$ ))
$O(n)$
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